Hamster kidney cells transformed by BK virus (HKBK cells) were studied at low passage (about 30 subcultures) after transformation and at high passage (about 130 subcultures) after transforming. Several in vitro properties (rescue of virus, presence of T antigen, colony formation on plastic, in soft agar, on monolayers of normal cells, and serum dependency of growth) and tumourigenicity of these cells for newborn and adult hamsters were compared. HKBK cells at low passage showed high levels of T antigen, the growth properties of normal cells and low tumour-producing ability, while HKBK cells at high passage showed low levels of T antigen, the growth properties of transformed cells and high tumour-producing ability.
Since the discovery of BK virus (BKV), a human papovavirus isolated by Gardner et al. (1971) from the urine of an immunosuppressed patient, a number of studies have been made on the oncogenicity and transforming ability of the virus. BKV is oncogenic in rodents, inducing fibrosarcomas when injected subcutaneously into newborn hamsters (Shah et al., 1975; Nase et aL, 1975; Van Der Noordaa, 1976) , ependymomas when inoculated intracerebrally into hamsters and in mice (Corallini et al., 1977) , and ependymomas, insulinomas and osteosarcomas when inoculated intravenously into hamsters .
BKV can transform a number of different cell types in vitro including BHK-21 cells (Major & Di Mayorca, 1973) , hamster kidney cells (Portolani et al., 1975) , rat kidney cells (Van Der Noordaa, 1976) , hamster brain cells (Tanaka et al., 1976) , hamster embryo fibroblasts (Seehafer et aL, 1977) , mouse, rabbit and monkey cells (Portolani et al., 1978) , mouse and rat fibroblasts (Seehafer et al., 1979) and human embryonic kidney cells (Purchio & Fareed, 1979) .
Transformation of hamster kidney cells and rat kidney cells by BKV DNA has also been reported (Takemoto & Martin, 1976; Van Der Noordaa, 1976; Van Der Noordaa et al., 1979) . In the present study we have examined hamster kidney cells transformed by BKV (HKBK cells) at low passage after transformation (about 30 subcultures) and at high passage after transformation (about 130 subcultures). We have compared several in vitro properties and tumourigenicity of these cells for newborn and adult hamsters.
HKBK cells were obtained from Portolani et al. (1975) and were grown and maintained in Eagle's basal medium (BME), supplemented with 10% foetal bovine serum (FBS) (Flow Laboratories) and 50/~g/ml gentamicin. HKBK cells were used at passage 30 (HKBK~p) and at passage 130 (HKBKhp) after transformation.
In order to rescue BKV from HKBK cells, 1.6 × 106 cells were fused with 2-4 × t06 Vero cells in the presence of 2000 HAU of fl-propiolactone-inactivated Sendai virus, prepared as 0022-1317/81/0000-4427 $02.00 © 1981 SGM described elsewhere (Barbanti-Brodano et al., 1971) . Fusion was carried out by mixing cells and virus in 1 ml BME containing 2% FBS; the mixture was incubated in an ice bath for 20 rain and then in a water bath at 37 °C for 30 min. Cells were then centrifuged at 200 gfor 10 min, and the pellet was resuspended in 5 ml BME containing 10% FBS. Cells were counted to determine their viability by the dye exclusion test and for fusion efficiency, then 8 x 105 cells were plated into 25 cm z flasks and cultured; media and cells from the 5th to the 20th subculture after fusion were collected for detection of virus. To detect BKV in the supernatant medium and cell homogenate from fused cultures, haemagglutination (HA) and haemagglutination-inhibition (HAI) tests were used, according to Portolani et al. (1974) . To improve the release of BKV from fused cells, 4.5 ml of cell homogenate, adjusted to pH 5-1 with 1 M-HC1 were mixed with 0-5 ml of receptor-destroying enzyme (RDE) (Behringwerke, Marburg, Germany), incubated at 37 °C overnight, adjusted to pH 7 with 1 M-NaOH heated at 56 °C for 1 h, then centrifuged at low speed.
The presence of BKV T antigen in HKBK cells was detected by indirect immunofluorescence (IF) and by complement fixation (CF) tests. For the IF test, confluent coverslips of ceils were rinsed in phosphate-buffered saline (PBS) for 5 min at 4 °C, fixed in acetone for 20 min at -20 °C and stained for 30 min at 37 °C with immune hamster serum. Coverslips were then rinsed in PBS and stained for 30 min at 37 °C with fluoresceinconjugated goat anti-hamster ?-globulins (Antibodies Incorporated). After rinsing in PBS, coverslips were mounted on glycerol and examined at ×250 magnification with a Leitz fluorescent microscope. For the CF test, serial dilutions of cell homogenate supernatant were mixed with immune hamster serum and guinea-pig complement following the microtitre method.
For colony formation assay in soft agar, 5 × l0 s cells/60 mm Petri dish were suspended in 1.5 ml BME containing 10% FBS and 0.34% agar (Difco), and seeded over a basal layer (6 ml) of 0-5% agar. Plates were incubated at 37 °C in an atmosphere of 5% CO z and supplemented weekly with 1.5 ml BME containing 0-34% agar. Colony counts were performed after 17 days at x 100 magnification. For colony formation assays on monolayers of normal cells and on plastic, 103 cells/25 cm ~ flask were plated either on confluent monolayers of primary hamster kidney cells (HK cells) or into empty flasks and incubated at 37 °C. Medium was changed every third day and cells were fixed with formalin-PBS and stained with Harris haematoxylin after 17 days.
Multiplication assays were performed as follows: 2 × 104 cells in 2 ml BME, containing 1% or 10% FBS, were seeded in 35 mm Petri dishes. Medium was changed every day and cells counted daily in a Bfirker chamber using the dye exclusion test for viability determination. Saturation densities and doubling times were calculated from the exponential growth curves, as described by Risser & Pollack (1974) .
For tumourigenicity assays, Syrian golden hamsters were inoculated subcutaneously within 24 h of birth with 2.5 × 105 cells in 0-1 ml Hanks' balanced salt solution (HBSS), and 30-day-old hamsters with 2 x 104 cells in 0-2 ml HBSS. The animals were examined weekly for turnouts.
All the results are reported in Table 1 : BKV is always rescuable from heterokaryocytes formed by fusion of HKBK cells with Vero cells, at either low or at high passage; after treatment with RDE the rescue is the same. HKBK cells at low passage showed a high level of T antigen, either when detected by IF or by CF tests, while HKBK cells at high passage showed a low level of T antigen. HKBK cells at low passage resembled normal, non-transformed cells in their growth properties, while HKBK cells at high passage shared all the growth properties of transformed cells. HKBK cells at low passage were found to be less tumourigenic in newborn and adult hamsters, as compared to HKBK cells at high passage. By statistical analysis (Table 1) this finding is significant. HKBK cells also underwent Short communications 485 morphological changes on passage in culture: fibroblast-like morphology was prevalent at low passage (Fig. 1 b) , but epithelial-like morphology was predominant at high passage (Fig.  1 c) . The large number of passages in culture after the primary transformation event by BKV seems to have selected a stable transformed cell line which exhibits all the growth characteristics and the tumourigenicity of virus-transformed cells, but with a low level of detectable tumour antigens. These results allow us to postulate that the primary BKV transformation event is due to the expression of early genes regulating T antigen, while the acquisition of many of the in vitro transformed cell properties may be due to complicated cellular and viral gene interactions occurring during the course of cell life, and not to a single viral gene action. The low tumourigenicity of cells which show high levels of T antigen and vice versa may indicate that TSTA antigens behave like T antigens in their appearance at the cellular level; it is possible that the lower tumourigenicity of HKBK cells at low passage is due to a more efficient tumour rejection by animals in the presence of a major expression of TSTA antigens. 
